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Abstract
High purity quartz, is consider as a critical raw material and it is a rare commodity that only forms under geological
conditions where a narrow set of chemical and physical parameters is fulfilled. When identified  and following special 
beneficiation  techniques, high purity quartz  obtains very attractive prices and is applied in high technology sectors that 
currently are under rapid expansion such as photovoltaic solar cells , silicon metal – oxide wafers in the semiconductor 
industry and long distance optical fibers that are used in communication networks.  
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1. Introduction
Raw materials are essential for the functioning of modern societies, and access to these raw materials
is vital to the world economy and especially to the European economy. Sustainable development, both 
globally and at European level, raises important new challenges associated with access and efficient use of 
raw materials. Minerals and metals are vital to key sectors such as information technology, renewable and
efficient energy production, medical devices, construction, automotive, aerospace, chemicals, machinery and
equipment (these sectors provide in Europe, a total added value of €1,324 billion and employment for some
30 million people1). In a more direct sense, the mineral resources sector contributes strongly to European jobs
and added value, employing at least 1.2 million people and some €470 billion.2
The long-term sustainability of these sectors and in turn the achievement of the EU 2020 objectives
of moving towards a competitive and sustainable economy requires that the EU downstream industry will
have unrestricted access to raw materials in the required quantity and quality and at competitive cost. The
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current initiative takes place against the backdrop of unprecedented demand for raw materials due to the rapid 
and continuous high level of world demand, in particular from emerging economies such as China and India, 
a trend which is generally expected to consolidate in the forthcoming decades.  Recent trends have given rise 
to sharp upward movements in prices which have posed competitiveness challenges to manufacturing industry 
generally, and have also raised longer term issues related to security of supply of raw materials. 
 
According to a recent European report 3 a raw material is labeled “critical” when the risks of supply 
shortage and their impacts on the economy are higher compared with most of the other raw materials. Two 
types of risks are considered: a) the "supply risk" taking into account the political-economic stability of the 
producing countries, the level of concentration of production, the potential for substitution and the recycling 
rate; and b) the "environmental country risk" assessing the risks that measures might be taken by countries 
with weak environmental performance in order to protect the environment and, in doing so, endanger the 
supply of raw materials to the EU. Based on a criticality methodology the report considered 41 materials as 
critical (Figure 1). 
  
 
 
Figure 1 : Economic Importance and Supply Risk for 41 critical materials3. 
 
The 14 raw materials falling within the top right cluster of this figure are considered even more 
critical because of the high relative supply risk (Figure 2).Their high supply risk is mainly due to the fact that 
a high share of the worldwide production comes from China (antimony, fluorspar, gallium, germanium, 
graphite, indium, magnesium, rare earths, tungsten), Russia (PGM), the Democratic Republic of Congo 
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(cobalt, tantalum) and Brazil (niobium and tantalum)3.  One of the most critical raw material for high - tech 
applications is the high purity quartz. 
 
2. High purity quartz applications 
In now days, high purity quartz  has  become  one of today’s key strategic raw materials for the  high 
– tech  industry. Silica glass melted out of high purity quartz offers a wide range of exceptional optical, 
mechanical and thermal properties, which are essential for manufacturing many high – tech products in areas 
such as semi – conductor technologies, high temperature lamp tubing, telecommunications and optics. 
Applications for the high purity quartz  are high quality optical devices, optical fibers, quartz glass, synthetic 
quartz wafers, crucibles for the production of solar grade silicon, quartz wool and fibers for electronics. High 
purity quartz  glass is used in production of  lenses for telescopes and laboratory optical devices, 
communication devices, diffraction lenses, projection displays, optics for scanning devices and printers, 
lasers, as well as photo cameras, ultra – flat TV screens, flame control devices, etc. Crucibles from metal 
quartz glass are used to produce metallic silicon and polysilicon. In order to produce metallic silicon suitable 
for production of high – quality metallic plates, polysilicon is placed into a quartz crucible heated to a high 
temperature, and a silicon monocrystal is drawn out of the melt. Fused quartz is one of the few materials that 
combine high purity and heat resistance required for the process. On the other hand, fiber optics is one of the 
youngest and most progressive branches of high purity quartz industry. Supporting tubes for light guides are 
made of natural as well as of synthetic quartz. The latter has better properties but is much more expensive. 
Quartz wool is used for high temperature insulation (cables for refractory insulation), filtration of high 
temperature corrosive gases and liquids and as barrier plug for combustion tubes. Quartz tissues, woven and 
non – woven, are used as the basis for lamination of high – quality printed circuits and radar shields. Non – 
woven materials from quartz glass are used in removable cones for space shuttles.    
 
Source: European Commission (2010), Critical Raw Materials for the EU 
Figure 2 : The key world producers for the 14 more critical raw materials 
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There is a rapidly growing demand for sources of exceptionally high purity quartz (SiO2), particularly in 
respect to very low levels of alkali-metal impurities, such as sodium, potassium and lithium ions. Such high 
purity quartz  (Figure 3) is needed to prepare quartz frequency and timing control devices for electronic 
applications, as high purity raw materials for optical fibers, to prepare fused quartz optical grade glass such as 
for halogen vapor lamps, and to prepare crucibles and other quartz apparatus for making high purity silicon 
crystals for transistors, integrated circuits, and other electronic and semi-conducting devices such as 
photovoltaic cells. According to SEMI4 , the global industry association serving the manufacturing supply 
chain for the micro- and  nano-electronics industries, it is expected that the growth rate of installed capacity it 
is expected to increase to 2,8% in 2013 and another 5,4% in 2014. On the same way it is expected that the 
fabrication equipment spending for 2014 to  increase by 24% or US$ 39,3 billions.  
 
 
 
 
Figure 3 : High purity quartz raw material and products5 
 
Quartz is found in the nature in varying purity and is traded in  varying  quality at  strongly 
differentiated prices. Raw material for glass is probably the largest market, with an average price of 20 €/ton. 
Lump quartz of reasonable purity and high thermal strength for the metallurgical industry may be priced at 40 
€/ton, while the material chain from quartz can be drawn to metallurgical grade silicon metal from 250  €/ton, 
which is refined to trichlorosilane, silicon tetrachloride at 615 €/ton and semiconductor quality silicon at 
75.000 €/ton.  
 
3. High purity quartz deposits 
 
High purity quartz, which is a quartz with extremely low concentrations of impurities, is a rare mineral that 
only forms under geological conditions where a specific set of chemical and physical parameters is fulfilled. 
Therefore  high purity quartz  is currently sourced from just a few locations around the world.  Impurities in 
quartz are caused by either fluid inclusions (i.e. milk quartz or snow quartz, inclusions of other minerals (i.e. 
rutile) or foreign ions (trace elements) incorporated within the quartz lattice. When identified high purity 
quartz obtain very attractive prices and is applied in different high technology sectors which today are under 
rapid expansion, such as photovoltaic solar cells for environmentally sound energy production, silicon metal – 
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oxide wafers in the production of even faster computer chips and long distance optical fibres for the creation 
of the communication networks.   
 
According to Gotze and Mockel 6 until recently, one company Unimin Corporation/ Sibelco, dominated the 
global high purity quartz market with  mining and beneficiation activities in pegmatite deposits of the  North 
Carolina, USA. One of the few alternative suppliers was Norwegian Crystallites which produced high purity 
quartz in its Drag plant in western Norway and operated several underground and open pit mines7 since 1996. 
Potential new entrants into the high purity quartz world market are Moscow-based JSC Polar Quartz, with raw 
material supply based on the Neroika deposit on the eastern slope of Urals. Kyshtym crystal quartz deposit is 
situated on the eastern slopes of Ural mountains. In the Soviet territory the plant supplied 60% of the domestic 
high purity quartz demand for microelectronics and optical applications. In China, Donghai Pacific Quartz 
company serves only the huge domestic market. It is obvious that there is an extremely limited supply, far less 
than is required for the high technology applications, of naturally occurring quartz crystals and quartz sands of 
sufficiently purity. To meet the rapidly expanding needs in adequate quantity it will be necessary to develop 
techniques for purifying existing quartz raw materials to meet these needs. For these reasons , a research 
initiative was undertaken last year by the Institute of Technology of West Macedonia to develop new 
innovative processing techniques for the production of high purity quartz. 
 
4. Main Objectives and description of the research work 
  
The main objectives of this project will be : 
 
● Exploration and evaluation of quartz vein deposits and sands in Greece, in order to assess their potential as 
future long term sources for different high – tech  industries. Determination of mineralogical and chemical 
composition of  selected quartz samples , in order to define different quartz qualities relevant to specific 
applications in different high – tech industries. 
 
● Use of advanced mineral processing techniques for the production of high purity quartz / silicon for a 
number of high – tech applications. Beneficiation of quartz vein – samples , by using combined lab – scale 
techniques, of crushing, grinding, screening, magnetic separation, acid washing and calcination to achieve 
substantial upgrading to the high – tech specifications. 
 
● Study of the fluid inclusions in the quartz vein with main aim first of all to investigate the role of fluid 
inclusions as quality  “contaminants” , in terms of chemical composition, distribution density, morphology 
and size and secondly  to determine the physiochemical conditions and mechanisms of vein crystallization 
and find out the pattern of fluid inclusions distribution . 
 
● Detailed market analysis for the establishment and expansion of the high purity quartz /silicon market. 
Definition of the optimum production procedures in terms of the establishment of all the technical 
requirements for various quartz / silicon grades and their individual industrial application. 
 
The main research milestones of this project will be : 
 
A. The selection of the optimum flow – sheet for the beneficiation of the quartz grades. 
 
Depending on the final quality and value , processing  of  the  raw  quartz  into  high  purity  quartz  involves 
advanced beneficiation techniques including  comminution technology, physical, thermal and chemical steps. 
Crushing, grinding, screening, magnetic separation, acid washing,  calcination and other beneficiation 
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methods will be used  to achieve substantial upgrading to the high – tech specifications.  
 
Special attention will be given in new innovative beneficiation methods such as electro – dynamic 
comminution which is an enhanced technology to liberate high – purity quartz crystals from composite rock, 
largely without contamination and with low loss of undersize particles. A high voltage discharge generates 
shock waves within the quartz lump causing fragmentation of the rock along the crystal boundaries. Since 
crystal boundaries host most of the mineral impurities, downstream processing is more efficient and the 
expected yield increases significantly compared with mechanical comminution techniques. Moreover, 
selective fragmentation technology is ideal to selectively liberate the gas and the fluid inclusions within the 
quartz crystals.  At the end, substantial upgrading of the different quartz grades will be the result of using the 
optimum processing flow – sheet. 
 
 
 
Figure 4 : High purity quartz sample with a high density of secondary fluid inclusions5 
 
 
B. The fluid inclusions study. 
 
Quartz grows in many environments along with many different minerals. These minerals, as well as water 
solutions and gas bubbles, can be enclosed by the growing crystal. Many minerals that would otherwise be 
chemically dissolved when the local conditions change, are protected from aggressive chemical agents when 
they have been embedded inside quartz crystals. There are basically three different ways inclusions (Figure 4) 
can get into the quartz crystal : 
 
a. The minerals was formed before the quartz and the growing quartz crystals entrapped them and the 
original form of the included minerals is preserved. These inclusions are called protogenetic. 
b. Quartz crystals and the included minerals grow simultaneously. These inclusions are called 
syngenetic. 
c. Minerals can get into another mineral by exsolution. When the conditions during crystal growth 
allowed the incorporation of elements into the crystal lattice that are incompatible with the crystal 
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structure, these elements may separate from the lattice to form new minerals once the conditions 
change. These inclusions are called epigenetic. 
 
The high-purity silica glass sector requires the high purity quartz to contain very low concentrations of 
structural impurities, i.e. foreign substitution elements or charge compensator elements that are integrated as a 
part of the atomic lattice structure of quartz, structural impurities it is very difficult to be removed with 
conventional dressing techniques. Especially for the lighting and optical fibre industries, high purity quartz is 
required to contain very low concentrations of fluid inclusions because, expansion during melting of the fluid 
inclusions will generate vesicles in the silica glass melt. So, the right quality of high purity quartz must be 
crystallized under anhydrous conditions and must incorporate a minimum of structural impurities.  The most 
important structural impurities that are easily accommodated by the quartz crystal structure includes Al, Ti, Fe 
, Ge, Li, Na, K, B, P, Ca, and H. With lower abundance but still well accommodated there are Cr, Cu, Mg, 
Mn, Pb, Rb and U. 
 
 Therefore it is obvious that depending on the geological setting, fluid inclusions need to be removed by 
applying tailored – made technology. Geo-statistical techniques combined with advanced separation methods 
will be used to develop a flow – sheet for removing fluid inclusions from the different quartz samples.   
 
5. Progress beyond the state of the art  
 
Quartz  has  been in use for many years and the demand for this raw material is unlikely to abate in any 
foreseeable future, as quartz and silicon remain at the core of what constitutes the essence of the well-being of 
mankind on our societies (i.e. telecommunications, energy, computers, e.t.c.). Quartz and silicon production is 
an example of what is now being called a Cumulative Technology, i.e. one that endures through historical 
evolutions and does not fade away but adapts to the continuously changing needs of societal demands. 
 
The  high  purity  quartz market is a highly specialized market. It refers to material of ultra high purity – 
generally higher than 99,99 SiO2 with impurities of less than 40 p.p.m. The highest  purity product based on 
natural quartz that is currently available has a purity of 99,9992 % with boron as low as 40 ppb. The size of 
the worldwide market of the high purity quartz industry is estimated at 80,000 tpa for the 99,99% plus purity 
material.  
 
The project introduces the following radical innovations and new findings in the existing state of the art : 
 
- Combines the ordinary beneficiation methods (e.g. crushing, grinding, sieving) with new 
beneficiation techniques ( e.g. calcination, acid washing, attrition treatment, electro-dynamic 
comminution )  in an working flow sheet with different quartz grades. 
- Introduces new geo-statistical techniques combined with classical separation methods for the 
fluid inclusions study . 
- Intergrades the exploration and identification of the quartz deposits with the feasibility of the 
final applications.   
- Improves the production cost of many routes established for the production of low – cost solar – 
grade silicon (such as  the Solsilc process) by establishing new low cost methods for the 
processing of high purity quartz.  
6. Expected benefits 
One target group that may has interest for the deliverables of the project is the photovoltaic  industry.  In our 
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days, most solar grade silicon production follows the Siemens process and its derivatives. This provides 
highest purity but it is a high energy consuming process resulting in prices as high as 40 euro/Kg. To meet the 
specifications required by the photovoltaic industry, alternative production technologies arise, on a much 
lower investment and process cost base, by using quartz  raw material of sufficient purity.  New opportunities 
developed via direct carbothermic reduction or refinement of metallurgical grade silicon (UMG-Si) need to 
avoid certain metal impurities as well as phosphorus and boron in the raw material. Since carbon mainly 
derives from synthetic processes the source of most of the impurities is the raw quartz. Therefore, in order to 
control the purity of the silicon, the quality and refining processes of the raw quartz are crucial to comply with 
the photovoltaic industry.   
 
Additionally, the last five years a considerable number of PV panels manufacturers started their production 
activities in Greece. These new industries are : 
 
● Solar Cell Hellas – solar cells, PV panels (60 MWp capacity). 
● Silicio/Piritium – solar cells, PV panels (40 MWp capacity).  
● Energy Solutions s.a. – PV panels ( 10 MWp capacity). 
● Heliosphera – thin film PV panels (60 MWp capacity). 
● Exel Mak Metal s.a. – PV panels ( 60 MWp capacity). 
● Elitherm – PV panels (15 MWp capacity). 
● Heliodomi s.a. – PV panels made from amorphous silicon (5+2 MWp capacity).  
 
 All the above mentioned companies could be able to exploit the benefits of the proposed project and ensure 
availability of  high purity quartz as a raw material for their plants. The same benefits could be gained at 
international level from both parties : the academia and the industrial sector. 
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